Folate, vitamin B 6 , and vitamin B 12 are essential cofactors that play important roles in one-carbon metabolism, which is required for the maintenance of intracellular DNA synthesis and methylation. Data from both in vitro and animal studies have suggested a protective effect of B vitamins against colorectal carcinogenesis (1, 2) , although the results have been somewhat mixed and the complex mechanisms have not yet been fully elucidated. Observational evidence, though not entirely consistent, has suggested that blood levels of folate or vitamin B 6 are inversely related to the risk of colorectal neoplasia. Some, but not all prospective studies have suggested a 20%-40% reduction in the risk of colorectal cancer or adenoma in those with the highest intake of folate compared with those with the lowest intake (1) (2) (3) . A recent meta-analysis of nine prospective studies showed a 10% reduction in colorectal cancer in individuals with the highest vitamin B 6 intake compared with those with the lowest intake (4) .
However, most randomized trials have focused on folic acid supplementation alone and found neither beneficial nor harmful effects of folic acid supplementation (0.5-5 mg/d for as long as 3 years) on recurrence of colorectal adenomas (1,2,5,6). Mandatory fortification of cereals and grain products with folic acid in the United States beginning in the year 1998 has improved folate status in the general population (7, 8) , but there has been concern about limited protective effects or a potential cancer-promoting effect of folic acid treatment alone in a folic acid-fortified population. Because folic acid, vitamin B 6 , and vitamin B 12 act in concert to affect the pathways of one-carbon metabolism (1, 2) , combined folic acid, vitamin B 6 , and vitamin B 12 supplements may have greater promise for preventing colorectal adenoma, the precursor of invasive cancer, than any single B-vitamin supplement. Combined B-vitamin supplementation also helps address the concern about potentially masking vitamin B 12 deficiency by folic acid supplementation alone in adults. Because 28%-35% of the US population report the use of dietary supplements that contain folic acid and vitamins B 6 and B 12 (9, 10) , definitive data from large randomized trials with long treatment duration are warranted to evaluate the potential yet unproven benefits or risks of combined folic acid, vitamin B 6 , and vitamin B 12 supplementation.
In the Women's Antioxidant and Folic Acid Cardiovascular Study (WAFACS), a large cardiovascular disease (CVD) prevention trial conducted during the folic acid fortification era, we specifically examined the effect of daily supplementation with folic acid, vitamin B 6 , and vitamin B 12 on the occurrence of colorectal adenoma among participants followed up for as long as 9.2 years (7.3 years of active treatment and 1.9 years of postintervention follow-up).
Methods

Study Design and Population
The WAFACS was a randomized, double-blind, placebo-controlled trial evaluating the effects of combined folic acid, vitamin B 6 , and vitamin B 12 in the secondary prevention of CVD among 5442 high-risk women with either a history of CVD or at least three cardiovascular risk factors (http://clinicaltrials.gov, identifier: NCT00000541) (11) (12) (13) (14) . The trial was approved by the institutional review board of Brigham and Women's Hospital, and all participants provided written informed consent. An external independent data and safety monitoring board monitored the safety of the participants and the overall quality and scientific integrity of the trial.
Details of the WAFACS trial design and the main results have been reported previously (11) (12) (13) (14) . Briefly, from June 1995 through October 1996, 8171 female health professionals in the Women's Antioxidant Cardiovascular Study (the parent trial of the WAFACS) were randomly assigned to receive vitamin C (500 mg/d), vitamin E (600 IU every other day), and β-carotene (50 mg every other day) vs respective matching placebos (11) (12) (13) (14) . Women were eligible for the Women's Antioxidant Cardiovascular Study if they were at least 40 years of age, were postmenopausal, or had no intention of becoming pregnant, and had a self-reported history of CVD or had at least three traditional cardiac risk factors (12) .
In April 1998, 5442 of these women provided consent and were additionally randomly assigned in a factorial design to receive a daily combination pill containing folic acid (2.5 mg), vitamin B 6 (pyridoxine hydrochloride, 50 mg), and vitamin B 12 (cyanocobalamin, 1 mg) or a matching placebo to form the WAFACS trial population (11, 12, 14) . Our study included 1470 WAFACS participants who underwent at least one endoscopy after random assignment to treatment and were followed up through June 30, 2007 ( Figure 1 ).
Follow-up Procedures
Following random assignment and annually thereafter, participants were mailed monthly calendar packs containing active agents or placebos, along with questionnaires on adherence, use of nonstudy supplements, and occurrence of major illnesses or adverse events. At baseline, 98.8% of the participants also answered a semiquantitative food-frequency questionnaire to assess dietary nutrient intakes (11) (12) (13) (14) . At the scheduled end of the trial (July 31, 2005), morbidity and mortality follow-up was 92.6% complete. If assessed in terms of person-time, mortality and morbidity information was complete for 98.9% and 98.0% of person-years of follow-up, respectively (11, 13, 14) . The average adherence, defined as taking at least two-thirds of the study pills over the course of follow-up, was 83% for both the active and placebo groups.
Women in the WAFACS provided a baseline blood sample in the year 1996 (75.4% of the participants), before folic acid fortification in the year 1998 (7, 8) . Randomly selected from participants who were adherent with study medications, 300 (150 women in the active treatment group and 150 women in the placebo group) provided a blood sample at the end of randomized treatment. As reported previously (11, 14) , median plasma folate (8.8 vs 8.9 ng/ mL, P = .94) and homocysteine levels (12.1 vs 12.5 µmol/L, P = .96) were similar between the active treatment group and the placebo group at baseline. At the end of trial, the median plasma folate level in the active group was statistically significantly higher (38.9 vs 15.4 ng/mL, P < .001) and homocysteine was statistically significantly lower (9.8 vs 11.8 µmol/L, P < .001) compared with the placebo group.
Ascertainment of Colorectal Adenoma
Participants in WAFACS who reported a recent endoscopy (colonoscopy and/or sigmoidoscopy) or a diagnosis of colon polyps on the trial questionnaires were mailed a medical release form to get permission to obtain and review relevant medical records from the treating physician and/or hospital. An endpoints committee of physicians who were blinded to the participants' treatment assignment reviewed the medical records that included endoscopy and histopathologic reports for final confirmation of a reported colorectal adenoma diagnosis and/or endoscopy procedure through June 30, 2007. Additional details of polyp characteristics and indications for endoscopy procedures were also extracted from medical records. Colorectal polyps were first categorized by types (adenomatous, hyperplastic) and anatomic location within the large bowel. For adenomatous polyps, polyp characteristics were captured by the number, size, histologic type (tubular, tubulovillous, villous), and grade of dysplasia (low, high). Advanced histology neoplasms were defined as tubulovillous or villous adenomas, high-grade dysplasia (carcinoma in situ), or invasive cancer (15) . Polyps were also classified into small (<1 cm in diameter) and large (≥1 cm). An advanced adenoma was defined as a lesion that had either a large size (≥1 cm) or advanced histology. A total of 1470 participants who received at least one endoscopy during April 1998 through June 30, 2007 were included in this analysis, and of them, 355 had confirmed colorectal adenomas.
Laboratory Analysis
In this study, baseline plasma levels of folate, vitamin B 6 , vitamin B 12 , homocysteine, cysteine, and cysteinylglycine were assayed at the Jean Mayer US Department of Agriculture Human Nutrition Research Center on Aging at Tufts University. Plasma folate and vitamin B 12 were determined by the IMMULITE 1000 immunoassay system (Diagnostic Products Corporation, Los Angeles, CA). Plasma levels of vitamin B 6 were determined by an enzymatic procedure using radioactive tyrosine and the apoenzyme tyrosine decarboxylase (16) . Plasma homocysteine, cysteine, and cysteinylglycine were measured using high-performance liquid chromatography, with fluorescence detection (17) . The mean coefficients of variation for 22 replicate quality control plasma samples were 7.5% for folate, 15.9% for vitamin B 6 , 6.2% for vitamin B 12 , 8.3% for homocysteine, 9.7% for cysteine, and 9.0% for cysteinylglycine.
Statistical Analysis
Baseline characteristics were compared using Wilcoxon rank-sum test for continuous variables and Mantel-Haenszel χ 2 statistics for categorical variables between the active treatment and placebo groups. At each 2-year follow-up interval, the point prevalence was calculated for all adenoma and advanced lesions by randomized treatment assignment, and the prevalence difference between two groups overall and at each 2-year follow-up interval was compared by the χ 2 test. To further assess the effect of combined B-vitamin supplementation on the risk of adenoma, we estimated relative risks (RRs) by using a generalized linear model with a natural logarithm link function and Poisson distributed errors, which were adjusted for over-and underdispersion with SAS PROC GENMOD (SAS 9.1.2; SAS Institute Inc, Cary, NC). All statistical tests were two-sided. The "basic model" included age at start of trial (continuous) and time between start of trial and last follow-up endoscopy (months). The "full multivariable model" additionally included body mass index (continuous); smoking status (current, past, or never); alcohol intake (continuous); physical activity (continuous); menopausal status and postmenopausal hormone (PMH) use (premenopausal, uncertain, postmenopausal and current PMH use, postmenopausal and past PMH use, or postmenopausal and never use of PMH); total dietary and supplemental intakes of folate, vitamin B 6 , and vitamin B 12 (all as continuous variables); history of cancer (yes or no); history of colorectal adenoma before random assignment (no adenoma, early adenoma, advanced adenoma, missing, or no endoscopy before random assignment); and randomized assignments of vitamin E (yes or no), vitamin C (yes or no), and β-carotene (yes or no Subgroup analyses were conducted to examine the effect of active treatment on risk of any colorectal adenoma according to prespecified baseline characteristics, including categories of age; body mass index; smoking; alcohol use; physical activity; menopausal status; PMH use; baseline total intakes of folate, vitamin B 6 , or vitamin B 12 ; baseline plasma levels of folate, vitamin B 6 , vitamin B 12 ; homocysteine, cysteine, or cysteinylglycine; current multivitamin use; CVD health history; history of cancer within the past 10 years; history of diabetes; history of endoscopy before random assignment; history of any adenoma before random assignment; randomization status for vitamin E, vitamin C, and β-carotene; and family history of colorectal cancer. Given a priori evidence of an interaction between folate and alcohol, we also conducted a stratified analysis by combined baseline plasma (> and ≤10.6 ng/mL) or intake (> and ≤458.3 µg/d) levels of folate and alcohol status (0 g/d and >0 g/d). Log likelihood ratio tests comparing models with or without interaction terms were used to assess effect modifications between randomized combined B-vitamin treatment assignment and categories of baseline characteristics in relation to any adenoma risk.
Also, we conducted several sensitivity analyses to evaluate the robustness of the results. First, our participants were not screened for colorectal adenomas by colonoscopy before random assignment; thus, there is a possibility that some adenomas diagnosed during the intervention and follow-up period may have been prevalent at baseline. To address this, we conducted analyses excluding participants with colorectal adenomas that occurred within 2 years after the start of the trial. Second, to assess whether associations differed by indications for endoscopy (for screening or for symptoms), we also analyzed data among women who had an endoscopy for routine screening or who had it because of symptoms, separately (for the first endoscopy only). Third, to examine the effect of actual as opposed to assigned folic acid, vitamin B 6 , and vitamin B 12 treatment, we carried out an analysis according to compliance with assigned treatment. Women were censored if and when they stopped taking at least two-thirds of their study pills or were missing compliance information. On the basis of the actual numbers of our study population (n = 1470) and participants with colorectal adenomas detected on all endoscopies during follow-up (n = 355), we calculated the power of our main analysis by using a Stata program developed by Barthel et al. (18) . The power computation in this program is based on the χ 2 statistic with a continuity correction (18) . All power calculations were performed using Intercooled Stata version 8.2 (Stata Corporation, College Station, TX). By assuming a two-sided α level at .05, we calculated power over a range of relative risks by one single-agent effect from 0.90 to 0.60 (ie, approximately 10%-30% reduction in risk). Using the numbers of study participants (n = 1470), participants with colorectal adenomas in the study population (n = 355), and those with colorectal adenomas in the placebo group (n = 175), we should have adequate power (≥80%) to detect more than a 22% reduction in the risk of total colorectal adenomas. Because of the smaller number of participants with advanced adenomas (n = 133), we had at least 80% power to detect a 37% or greater reduction in the risk of advanced adenomas.
results
Characteristics of the Study Participants
Among the 1470 women who had at least one endoscopic followup after random assignment, 741 were allocated to active treatment and 729 to placebo, and there were no statistically significant differences in baseline characteristics between these two groups, including age (62.1 vs 61.8 years, respectively, P = .54), history of endoscopy before random assignment (16.1% vs 16.5%, respectively, P = .83), and the number of having more than one endoscopy during follow-up (34.3% vs 36.4%, respectively, P = .60)-ie, factors that may have affected the likelihood of a follow-up endoscopy (Table 1) . Moreover, baseline characteristics of participants who were included in this study (n = 1470) were similar to the rest of WAFACS participants (n = 3972) (data not shown).
Most adenomas that were detected were small, early, proximal, and tubular ( Table 2 ). The proportions of participants with two or more adenomas were identical in the active treatment group and in the placebo group (38.9% for both groups, P > .99). The proportions of women with large adenomas were also similarly distributed in the active treatment group and in the placebo group (30.6% vs 30.9%, respectively, P = .94). There were similar frequencies of participants with advanced lesions between women randomly assigned to receive combined B-vitamin treatment vs placebo (40.0% vs 34.9%, respectively, P = .64). Figure 2A shows the point prevalence of all adenoma events among women in the treatment and placebo groups at every 2-year followup period after random assignment. There appeared to be a trend toward a higher prevalence in the active group compared with the placebo group, but this difference did not achieve statistical significance. There was no difference in the point prevalence of all advanced lesions between the two groups overall and at each 2-year follow-up period (all P > .05) ( Figure 2B ).
Total Colorectal Adenoma and Subtypes
Overall, there was no effect of combined folic acid, vitamin B 6 , and vitamin B 12 treatment on the risk of colorectal adenoma (Table 3 ). There were 180 participants with incident adenomas (24.3%) in the active treatment group (n = 741) and 175 (24.0%) in the placebo group (n = 729), corresponding to an overall relative risk of 1.02 (95% confidence interval [CI] = 0.85 to 1.23) after controlling for age and time between the start of the trial and the last endoscopy. The results were unchanged after further adjustment for other colorectal cancer risk factors (RR = 1.00, 95% CI = 0.83 to 1.20). When we classified all adenomas by the adenoma subsite (proximal or distant colon), size (small or large), stage (early or advanced), and the number of adenomas at the first endoscopy after random assignment, we found no indication of a statistically significant difference for any of these outcomes (Table 3) .
Subgroup Analysis
The effect of B-vitamin supplementation on adenoma risk did not statistically significantly differ by age, body mass index, smoking, alcohol use, physical activity, menopausal status, PMH use, or baseline intakes of folate, vitamin B 6 , or vitamin B 12 ( Table 4 ). The results were also similar by baseline plasma levels of folate, vitamin B 6 , vitamin B 12 , homocysteine, cysteine, or cysteinylglycine. Furthermore, the relative risks were similar as well by current multivitamin use, CVD health history, history of cancer within the past 10 years, history of diabetes, history of endoscopy before random assignment, and history of any adenoma before random assignment. No statistically significant difference in the effect of B-vitamin supplementation on adenoma risk was observed among the groups in terms of randomized assignment to vitamin E, vitamin C, or β-carotene or family history of colorectal cancer. The relative risks were also similar among women who had low alcohol intake and high plasma level or intake of folate and among those who had high alcohol intake and low plasma level or intake of folate (P interaction ≥.64). Combined B-vitamin treatment statistically significantly reduced the risk of colorectal adenoma in women with a history of adenoma before random assignment in a multivariable analysis (RR = 0.48, 95% CI = 0.24 to 0.94), though the test for interaction was not statistically significant (P = .15). Although there was no evidence that any single covariate caused substantial changes in the estimates, simultaneous adjustment for smoking, folate intake, and vitamin C treatment resulted in the most statistically significant changes from the basic model (RR = 0.70, 95% CI = 0.42 to 1.16 ) to the full model (RR = 0.55, 95% CI = 0.32 to 0.93).
Sensitivity Analysis
In sensitivity analyses, combined folic acid, vitamin B 6 , and vitamin B 12 treatment was not statistically significantly associated with adenoma risk after excluding those with adenomas within the first 2 years of treatment and follow-up (RR = 1.07, 95% CI = 0.87 to 1.32, P = .53) or after restricting analysis to either participants who had endoscopy before randomization (RR = 1.01, 95% CI = 0.66 to 1.54, P = .97) or those who did not have endoscopy before random assignment (RR = 1.03, 95% CI = 0.84 to 1.25, P = .81). Also, there were no statistically significant effects on adenoma risk in the analysis by indications for the first endoscopy (RR = 1.16, 95% CI = 0.86 to 1.56, P = .34 for screening vs RR = 0.84, 95% CI = 0.63 to 1.34, P = .26 for symptoms). In a separate analysis in which women were censored at the time they stopped taking at least two-thirds of their study pills or had missing pill compliance, the relative risks of adenoma were also similar for any adenoma identified by the first endoscopy (RR = 0.98, 95% CI = 0.76 to 1.26, P = .86) and for any adenoma identified by all endoscopies during the follow-up (RR = 1.02, 95% CI = 0.81 to 1.29, P = .88).
Discussion
In the WAFACS trial, as much as 7.3 years of treatment (plus 1.9 years of postintervention follow-up) with combined folic acid, vitamin B 6 , and vitamin B 12 did not have a statistically significant † Basic models included the age at the start of trial (continuous) and the time between the start of trial and first endoscopy (months). ‡ Full models included the age at the start of trial (continuous), the time between start of trial and first endoscopy (months), body mass index (continuous), smoking status (current, past, or never), alcohol intake (continuous), physical activity (continuous), menopausal status and PMH use (premenopausal, uncertain, postmenopausal and current PMH use, postmenopausal and past PMH use, or postmenopausal and never use of PMH), baseline folate intake (continuous), baseline vitamin B 6 intake (continuous), baseline vitamin B 12 intake (continuous), history of cancer (yes or no), history of adenoma before random assignment (no adenoma, early adenoma, advanced adenoma, missing, or no endoscopy before random assignment), randomly assigned to receive vitamin E (yes or no), randomly assigned to receive vitamin C (yes or no), and randomly assigned to receive β-carotene (yes or no). § Basic models included age at start of trial (continuous) and time between start of the trial and last endoscopy (months). ‖ Full models are the same as those for all first follow-up endoscopies except that the time between the start of trial and last endoscopy (months) was used. ¶ The denominator does not include participants with missing or unknown information for site, size, or stage. It does include those with no adenoma for site, size, and stage.
effect on the risk of colorectal adenoma among women who underwent at least one endoscopy during follow-up. We also found no statistically significant effect modifications by age; body mass index; smoking; alcohol intake; physical activity; menopausal status; PMH use; baseline plasma levels or intakes of folate, vitamins B 6 , and B 12 ; current multivitamin use; and history of cancer, endoscopy, or adenoma. Our null findings for colorectal adenoma are consistent with our earlier report from the WAFACS (14), in which we found no effect of combined B-vitamin treatment on colorectal cancer risk.
Experimental data have suggested that B vitamins may help reduce the risk of colorectal cancer or adenoma via multiple metabolic pathways (1,2). In particular, vitamin B 6 may prevent against colorectal neoplasia through several biological pathways other than one-carbon metabolism, including the suppression of cell proliferation, oxidative stress, nitric oxide synthesis, and angiogenesis (19) . Observational epidemiologic studies, though not entirely consistent, tend to support the hypothesis that adequate intake of folate may reduce the risk of colorectal neoplasia (1-3). Observational evidence for an association between vitamin B 6 and risk of colorectal neoplasia is also inconclusive despite several studies showing an inverse association between dietary vitamin B 6 intake and blood vitamin B 6 levels with colorectal cancer and colorectal adenoma (4). However, observational evidence is prone to some inherent biases, especially confounding from unmeasured or imperfectly measured factors and highly correlated dietary or lifestyle factors as well as measurement errors.
Data from randomized trials of combined B-vitamin supplementation for colorectal neoplasia have been limited. Most previous trials have focused on folic acid supplementation alone (1, 2, 5, 6) . A recent pooled analysis of data from three randomized trials found no statistically significant decrease or increase in the occurrence of new adenomas among 2632 participants who had a history of adenoma randomly assigned to either 0.5 or 1.0 mg/d of folic acid or placebo and followed up for as long as 3.5 years (6). However, folic acid treatment was related to a non-statistically significantly reduced risk of any adenoma among participants in the lowest quartile of baseline plasma folate. The Aspirin/Folate Polyp Prevention Study found no evidence for overall risk reduction by folate supplementation (1 mg/d) after 3 years of intervention but showed indications of an increased risk for advanced lesions and multiple adenomas after an additional 3-5 years of intervention (20) . Our study used a much higher dose of folic acid (2.5 mg/d) in combination with vitamin B 6 and vitamin B 12 for as long as 9.2 years and found that the effect on the occurrence of colorectal adenomas was similar compared with placebo, including large or advanced lesions, or even in those with low baseline plasma levels and intakes of B vitamins. Our null findings were consistent with two other large randomized trials of folic acid supplementation (15, 21) , a meta-analysis of five trials (5) , and a pooled analysis of three large trials including the Aspirin/Folate Polyp Prevention Study (6) . In contrast to findings in some observational studies of vitamin B 6 (4), our results showed a null net effect of combined B-vitamin supplementation that contains vitamin B 6 for the prevention of colorectal adenoma.
There has been considerable debate about the potential dual modulating roles of folate in colorectal cancer development and progression that were observed in animal studies and indicated in some human studies (2, 20, (22) (23) (24) . Because mandatory folic acid fortification in the United States beginning in the year 1998 may reduce the prevalence of folate deficiency in the general population, it is critically important to assess the potential yet unproven benefits or risks of folic acid supplementation associated with the occurrence of colorectal adenomas, which are precursors of invasive cancer, in a folic acid-fortified population. Notably, it has been hypothesized that folic acid supplementation promotes colorectal carcinogenesis in susceptible individuals (ie, those with established colorectal neoplasms or with high folate intake) (2, 20, (22) (23) (24) . Given the high dose of folic acid used in the WAFACS trial and the duration of the trial mostly in the folic acid fortification era, our study is better powered to test potential adverse effects of folic acid. However, our findings do not support the hypothesis that folic acid supplementation increases colorectal adenoma risk in susceptible individuals as we found no statistically significant effect of combined B-vitamin supplementation in the analyses restricted to participants with a history of cancer before random assignment, or with high baseline plasma levels or intakes of folate, or who were current users of multivitamin supplements at baseline.
Moreover, we found a statistically significant reduction in risk of adenoma among women with a history of adenoma before random assignment (a group that resembles the traditional study design for adenoma, which entails colonoscopy screening and adenoma removal at the time of enrollment). On the contrary, a pooled analysis of three large randomized trials among 2632 men and women (6) and a meta-analysis of five trials involving 1580 participants (5) did not show clear trends of decreased or increased occurrence of new adenomas associated with folic acid supplementation in participants with a history of adenoma. In our study, the numbers of participants who had a history of adenoma before random assignment were small, and thus power in such subgroup analysis was limited. In addition, the statistically significant results were observed in our multivariable-adjusted analysis only, although there is little statistical evidence for the substantial changes in the effect estimates by any single covariate. Taken together, we cannot exclude the possibility that our statistically significant findings could be caused by chance.
Because WAFACS participants were not screened by colonoscopy at the time of enrollment, some adenomas diagnosed after random assignment may be prevalent at baseline. However, the results did not appreciably change after excluding participants with adenomas that occurred within 2 years after the start of the trial. The WAFACS study design, which included both incident and prevalent adenomas, is potentially more powerful than traditional adenoma recurrence trials to examine the effect on progression of adenomas. Traditional adenoma recurrence trials, which usually have 3-4 years of intervention, are weighted toward small adenomas because recurrent adenomas occur early in the tumorigenic sequence and tend to be small, and the regression rate of small adenomas is high and only a relatively small proportion of adenomas progress. Having prevalent adenomas at enrollment in WAFACS might even be advantageous in studying progression because we had as long as 7.3 years for the intervention to affect progression of adenomas. In WAFACS, consistent with the null results on colorectal cancer reported earlier (14), we found no statistically significant effect of combined B-vitamin treatment on the risk of small, large, or advanced adenomas and the number of adenomas. .97
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* The generalized linear models with a natural logarithm link function and Poisson distributed errors were used. CI = confidence interval; CVD = cardiovascular disease; PMH = postmenopausal hormone. † Basic models included the age at start of trial (continuous) and the time between start of trial and last endoscopy (months). ‡ Full models included the age at start of trial (continuous), the time between start of trial and last endoscopy (months), body mass index (continuous), smoking status (current, past, or never), alcohol intake (continuous), physical activity (continuous), menopausal status and PMH use (premenopausal, uncertain, postmenopausal and current PMH use, postmenopausal and past PMH use, or postmenopausal and never use of PMH), total folate intake (continuous), total vitamin B 6 intake (continuous), total vitamin B 12 intake (continuous), history of cancer (yes or no), history of adenoma before random assignment (no adenoma, early adenoma, advanced adenoma, missing, or no endoscopy before randomization), randomly assigned to receive vitamin E (yes or no), randomly assigned to receive vitamin C (yes or no), and randomly assigned to receive β-carotene (yes or no). § P interaction was assessed by comparing models with or without multiplicative interaction terms of randomized combined B-vitamin treatment assignment and categories of the stratified variable of interest using log likelihood ratio tests.
‖ Among those who underwent at least one endoscopy before random assignment. It seems unlikely that the doses of folic acid, vitamin B 6 , and vitamin B 12 in our study were insufficient to test the study hypothesis. However, the improved folate status in the general population from the mandatory folic acid fortification (7, 8) might have limited the ability of our study to detect an effect. In the WAFACS population (11), the prefortification prevalences of women having inadequate levels of folate (<7 ng/mL) were 34.7% and 32.7% in the placebo and treatment group, respectively. After the termination of the trial, only 1.33% had folate levels below 7 ng/mL in the placebo group and no one in the active treatment group had levels this low. Mandatory folic acid fortification was associated with an almost 30% elevation in plasma folate levels over a 7-year period (in the placebo group), but the relative increase in folate levels was greater in the active treatment group (69%), in which 49.3% of participants had folate levels greater than 40 ng/mL compared with 4.7% in the placebo group. Furthermore, a modest but statistically significantly greater decrease of homocysteine levels was observed in the active treatment group vs the placebo group (18.5% reduction). The statistically significant elevation in plasma folate levels and statistically significant decrease in homocysteine levels by combined folic acid, vitamin B 6 , and vitamin B 12 supplementation were not associated with the overall risk of total colorectal adenoma and advanced colorectal lesions in our study, although we cannot exclude the possibility of a modest effect that might have existed with longer follow-up or if only those with true B-vitamin deficiency were enrolled and treated.
Alcohol is a known folate "antagonist" that affects dietary methyl supply. Alcohol intake has been observed to modify the effect of dietary folate or folic acid supplementation on adenoma risk (1,2). However, we did not observe a statistically significant decrease in the risk of adenoma associated with combined folic acid, vitamin B 6 , and vitamin B 12 treatment in those with higher alcohol intake. Because of relatively low alcohol intake in this population, we were only able to look at the interaction with alcohol at 5 g/d or more and thus cannot exclude the possibility that there might be an interaction with alcohol at higher levels. In addition, genetic variations in enzymes involved in one-carbon metabolism may modulate the effect of combined B-vitamin treatment on colorectal neoplasia (25) (26) (27) . Interindividual genetic variability in our study population is an unlikely explanation for our overall null findings, however, because genetic factors should have been comparable in the active treatment and placebo groups because the participants were randomly assigned to intervention.
The strengths of our study include combined folic acid, vitamin B 6 , and vitamin B 12 supplementation; randomized intervention assignment; sufficient treatment doses; and longer duration of treatment and follow-up. Furthermore, baseline plasma levels of folate, vitamin B 6 , vitamin B 12 , homocysteine, cysteine, and cysteinylglycine in this study were assayed so that effect modification by baseline B-vitamin levels could be assessed.
Some limitations of our study also deserve consideration. First, the use of a combination pill did not allow us to investigate the effects of individual components or potential interactions among them in relation to colorectal adenoma. Second, the study population may not be representative of the participants in the parent WAFACS study. However, we found that women included in this analysis had similar baseline characteristics compared with the WAFACS participants and when the randomly assigned groups were compared. Also, the frequencies of endoscopy indications (screening or symptoms) were similarly distributed between the two randomly assigned groups in our study population, and there were no statistically significant effects of combined B-vitamin supplementation on colorectal adenoma risk in the analyses stratified by indications for endoscopies. Third, confounding by extraneous risk factors cannot be completely excluded in our post hoc analysis of randomized trial data, although the baseline characteristics seemed well balanced between the treatment and placebo groups, as is expected in a large-scale trial with effective randomization. Finally, our results were based on women at high risk for CVD and may not be applicable to men or to the general population.
In conclusion, data from this study within a large, randomized, placebo-controlled trial indicate no apparent benefit or harm of combined folic acid, vitamin B 6 , and vitamin B 12 supplementation on the risk of colorectal adenoma among women. Our findings do not support recommending B-vitamin supplementation for the prevention of colorectal adenomas. Further evidence, ideally from large, well-designed randomized controlled trials with long-term follow-up or from large longitudinal studies, is needed to confirm our findings. 
